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Asymmetric Hydrogenation with  
Chiral Iridium Catalysts
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Ptrans and Pcis  groups must 
perform different functions
and, therefore, should be
optimized individually.

Ptrans and Pcis have different 
effects on the enantio-
selectivity and rate

Ptrans and Pcis have different 
steric and electronic inter-
actions with the substrate

Achiwa's "Respective Control Concept"
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Phosphinooxazolines (PHOX ligands)
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0.01-1 mol% catalyst
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N

O

(oTol)2P
Ir

COD

+

X –

catalyst

B

CF3

CF3

B

F

F4

–
F

F

F 4

–

Al O
CF3

CF3

CF3
4

–

Anions:   BF4
–,  PF6

–, CF3SO3
–

SEBASTIAN  SMIDT

Ingo Krossing
(Univ. of Karlsruhe)

KINETIC  STUDIES

BArF





Jérôme Lacour
(University of Geneva)

Δ-TRISPHAT:

O
O

P

O

O

OO

Cl
Cl Cl

Cl

Cl

Cl
Cl

Cl

Cl
Cl

Cl
Cl

Ph2P N

O

iPr
Ir

Ph
Ph

50 bar H2

CH2Cl2,  23 °C, 2h
Ph

Ph

COD

Ph2P N

O

Ir
COD

X = BArF:
(1 mol% cat.)

X

70% ee
100% conv.

*

X

X = Δ-TRISPHAT:
(4 mol% cat.)

70% ee
100% conv.

X = Δ-TRISPHAT:
(4 mol% cat.)

0% ee
100% conv.

X = Δ-TRISPHAT:
(1 mol% cat.)

0% ee
70% conv.





P
Ir

N

H
S

H

X
.....

P
Ir

N

H
S

H
X

H2
H

H

H

Ir

IrIr

H
H P

N

N

H N

H

H
P

P
H

2+

Hydrogenation vs. catalyst deactivation: influence of the anion



Variation of the Catalyst Structure
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Contributions of other groups
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Asymmetric hydrogenation of furans and benzofurans 
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Asymmetric hydrogenation of Benzothiophene dioxides 
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Rh(P^P): J. Morken, JACS 2004, 126, 15338, Org. Lett. 2006, 8, 2413.  Ir(P^N): P. Andersson, Chem. Commun. 2009, 5996.
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Trialkyl-substituted C=C bonds, no heteroatoms, no aryl groups?
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Sequential hydrogenation using Ru and Ir catalysts

Aie Wang

OH
[Ru(BINAP)]

(R) or (S)

OH

OH

OH

OH

OH

OH

[Ir(P^N)]
(R) or (S)

[Ir(P^N)]
(R) or (S)

R

R

S

S

R

S

R

S

S

R



Mechanistic Studies
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Section of the 2D NOESY spectrum showing  
the exchange cross-peaks (253 K, 500 MHz, 

CD2Cl2). 
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Rapid	enan2oface	exchange	of	Ir	dihydride	alkene	complexes	

Angew. Chem. Int. Ed. 2014, 53, 1896.
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Rapid	enan2oface	exchange	of	Ir	dihydride	alkene	complexes	
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Imine hydrogenation: unexpected mechanistic results
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Hydrogenation of electrophilic C=C bonds with base-activated Ir-PHOX catalysts: 
V. Semeniuchenko, V. Khilya, U. Groth, Synlett 2009, 271
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Selective Hydrogenationof Cyano-Substituted C=C Bonds
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Applications in the Synthesis 
of Natural Products
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Synthesis of the Cucumber Beetle Pheromone Vittatalactone
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A. Pfaltz, C. Schneider,
Chem. Commun. 2011,
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Total Synthesis of Macrocidin A

T. Yoshinari, K. Ohmori, M. G. Schrems, A. Pfaltz, K. Suzuki, Angew. Chem. Int. Ed. 2010, 89, 881
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